Introduction
As the principal carbohydrate storage reserve for plants and the major source of energy in the human diet and animal feed, starch is composed of anhydroglucose units (AGU) linked together by ␣-glucosidic bonds (Fuentes et al., 2016) . The increasing interest in starch-based biomaterials is due to its interesting properties such as cheap, renewable, biodegradable, and biocompatible Umar et al., 2016) , which can facilitate a certain degree of applications of starch in biomedicine, biomaterials, and textile areas (Ahmed, Thomas, Taher, & Joseph, 2016; Nguyen Vu & Lumdubwong, 2016) . However, chemical modification via introduction of the individual functional moieties to starch backbone is often necessary in order to further improve the bioactivity and broaden application scope of new valuable biomaterials based on starch (Adak & Banerjee, 2016; Biduski et al., 2017; KapelkoZeberska, Zieba, Spychaj, & Gryszkin, 2015) .
1,2,3-Triazole moieties have recently gained an increasing interest due to their modular synthesis through cuprous-catalyzed azide-alkyne cycloaddition (CuAAC) (Kraljevic et al., 2016) . The wide range of biological properties, such as antimicrobial, anticancer, and antimalarial (Kant, Singh, Nath, Awasthi, & Agarwal, 2016) , have facilitated the chemical modification of starch with http://dx.doi.org/10.1016/j.carbpol.2016.12.060 0144-8617/© 2016 Elsevier Ltd. All rights reserved.
1,2,3-triazole moieties to achieve the rapid growth of application scope of starch. Uliniuc et al. (2013) reported that the polycaprolactone-grafted starch copolymers obtained by click chemistry were able to form micelles in an aqueous solution and had potential to be used in controlled drug delivery and cosmetics. The antibacterial-starch biomaterials could be obtained by anchoring the strong electron-withdrawing groups onto the starch backbone by the CuAAC reaction . Very recently, the synthesis of 1,2,3-triazolium groups by Nalkylating 1,2,3-triazole with alkyl halides begins to be paid close attention as they combine the interesting properties of ionic liquids and the versatile mechanical and broad-spectrum properties and applications of polymers and catalysis (Abdelhedi-Miladi et al., 2014; Mudraboyina et al., 2014; Ohmatsu, Hamajima, & Ooi, 2012) . However, although the 1,2,3-triazole-linked starch derivatives have been reported and described, to date there are surprisingly very few reports describing the preparation of starch derivatives bearing 1,2,3-triazolium. Our group has recently pioneered the synthesis of starch derivative bearing 1,2,3-triazolium and pyridinium and this novel starch derivative showed strong antifungal activity because of the combined effect of 1,2,3-triazolium and pyridinium groups (Tan et al., 2017) . However, the single influence of the alkylation of 1,2,3-triazole on the bioactivity of starch derivatives was still unknown. Although, many studies have reported that the length of alkyl groups had important influence on bioactivity of compounds (Tang et al., 2015) , the effect of the length of alkyl groups in 1,2,3-triazolium moieties on the bioactivity of starch derivatives is still unknown.
The present study attempts to understand the structureproperty relationships of 1,2,3-triazolium-functionalized starch derivatives with different alkyl chain length by quaternization of starch derivatives with 1,2,3-triazole issued from CuAAC. The impact of the length of alkyl groups in 1,2,3-triazolium moieties on the antifungal activity was investigated. The chemical structures of the starch derivatives were characterized using FTIR, UV-vis, 1 H NMR, and 13 C NMR spectra as well as elemental analysis. Three plant-threatening fungi, including Colletotrichum lagenarium (C. lagenarium), Fusarium oxysporum (F. oxysporum), and Watermelon fusarium (W. fusarium), were selected to evaluate the antifungal property of starch and starch derivatives by hypha measurement in vitro.
Experimental

Material
Soluble starch from potato (granules) with weight-average molecular weight of 9.8 × 10 4 Da, was purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China) and used without any further purification. N-bromosuccinimide (NBS), triphenylphosphine (TPP), 2-propyn-1-ol, 3-butyn-1-ol, 4-pentyn-1-ol, 5-hexyn-1-ol, and methyl iodide were purchased from the Sigma-Aldrich Chemical Corp (Shanghai, China). The other reagents were all analytical grade and used as received.
Structural characterization of starch derivatives
Fourier transform infrared (FTIR) spectroscopy
All spectra were recorded on a Jasco-4100 Fourier Transform Infrared Spectrometer (Japan, provided by JASCO Co., Ltd. Shanghai, China) at 25 • C using the transmittance mode in the range 4000-400 cm −1 at a resolution of ± 4.0 cm −1 . The tested samples were pelletized with KBr in the weight ratio of 1/100 for observations.
Ultraviolet-visible (UV-vis) spectroscopy
The UV-vis spectra were carried out at 200-400 nm at 25 • C using a 3-5 mm quartz cuvette using a TU-1810 UV spectrometer (provided by General Instrument Co., Ltd. Beijing, China). For this analysis, 5 mL of 40 g/mL aqueous solution of starch and starch derivatives were put in a cuvette for measurement.
Nuclear magnetic resonance (NMR) spectroscopy
1 H Nuclear magnetic resonance ( 1 H NMR) and 13 C Nuclear magnetic resonance ( 13 C NMR) spectra were all recorded on a Bruker AVIII-500 Spectrometer (Switzerland, provided by Bruker Tech. and Serv. Co., Ltd. Beijing, China) at 25 • C with tetramethylsilane (TMS) as internal standard on ppm scale (␦). For analyses, 50 mg of samples were dissolved in 1.0 mL of 99.9% Deuterium Oxide (D 2 O) or Dimethyl Sulfoxide-d 6 (DMSO-d 6 ).
Elemental analysis
The elemental analyses by combustion were used to quantitatively assess the extent of functionalization (degree of substitution) in starch derivatives. The analyses of elemental carbon, hydrogen, and nitrogen in starch derivatives were performed on a Vario EL III (Elementar, Germany). The degrees of substitution (DS) of starch derivatives were calculated on the basis of the percentages of carbon and nitrogen according to the following equations (Dos Santos, Caroni, Pereira, da Silva, & Fonseca, 2009; Li, Tan, Zhang, Gu, & Guo, 2016) .
where DS 1 , DS 2 , and DS 3 represent the degrees of substitution of azido in 6-azido-6-deoxy starch, 1,2,3-triazole in starch derivatives bearing 1,2,3-triazole, and 1,2,3-triazolium in starch derivatives bearing 1,2,3-triazolium; M C and M N are the molar mass of carbon and nitrogen, M C = 12, M N = 14; n C and n N are the number of carbon and nitrogen of 6-azido-6-deoxy starch, n C = 6, n N = 3; n is the number of carbon of terminal alkynes, n = 3 − 6; W C/N represents the mass ratio between carbon and nitrogen.
2.3. Synthesis of starch derivatives 2.3.1. Regioselective bromination of starch (BDST) The method of starch dissolution in DMF/LiBr was adapted from previous work (Tan, Li, Wang et al., 2016) . The synthesis of 6-bromo-6-deoxy-starch (BDST) has been previously published (Tan, Li, Wang et al., 2016) . Briefly, soluble starch (3.24 g, 20 mmol AGU) was suspended in anhydrous DMF (80 mL) and stirred at 120 • C for 1 h. After the slurry was allowed to cool to 90 • C, anhydrous LiBr (3.47 g, 40 mmol) was added. The starch was dissolved completely within 5 min and formed a transparent solution during cooling to room temperature under constant stirring. N-bromosuccinimide (NBS, 14.24 g, 80 mmol) and triphenylphosphine (Ph 3 P, 20.99 g, 80 mmol) were added to this solution. The reaction mixture was heated to 80 • C for 3 h under an argon atmosphere. The product was isolated by adding the reaction mixture slowly to 95:5 (v/v%) mixture of absolute ethanol and deionized water (400 mL), followed by filtration. The unreacted NBS, Ph 3 P, and other outgrowth (succinimide, triphenylphosphine oxide (Ph 3 PO)), were extracted in a Soxhlet apparatus with ethanol and acetone for 48 h, respectively. The 6-bromo-6-deoxy starch was obtained by freeze-drying overnight in vaccum. FTIR: 3405, 2923, 1029, 682 cm −1 . 1 H NMR (500 MHz, DMSO-d 6 ): ı 5.85-3.30 (pyranose rings), 3.44 (CH 2 Br) ppm. 13 C NMR (125 MHz, DMSO-d 6 ): ı 100.22-70.08 (pyranose rings), 34.78 (CH 2 Br) ppm.
Synthesis of 6-azido-6-deoxy starch (ADST)
In a 100 mL three-necked round-bottom flask, 6-bromo-6-deoxy starch (2.25 g, 10 mmol) was weighed and dissolved in DMSO (40 mL). Then, NaN 3 (1.3 g, 20 mmol) was added to the flask and dissolved. The solution was heated to 80 • C and stirred for 24 h under an argon atmosphere. The product was isolated by pouring the reaction solution into absolute ethanol (200 mL). The precipitate was collected by filtration, and washed with acetone. After being dialyzed against deionized water for 2 days to remove the probable remained sodium azide, the 6-azido-6-deoxy starch was obtained by freeze-drying. To a solution of 6-azido-6-deoxy starch (187 mg, 1 mmol) in DMSO (20 mL) was added cuprous iodide (19 mg, 0.1 mmol), triethylamine (0.14 mL, 1 mmol), and terminal alkyne derivatives (2-propyn-1-ol, 3-butyn-1-ol, 4-pentyn-1-ol, and 5-hexyn-1-ol) (3 mmol), and the reaction solution was kept at 75 • C for 24 h under an argon atmosphere. The mixture was then added slowly to acetone (100 mL), the product was collected by filtration. The probable remained reagents were dialyzed against deionized water for 2 days, the starch derivatives with 1,2,3-triazole were obtained by lyophilization of their aqueous solutions. 2.3.4. Synthesis of 1,2,3-triazolium-functionalized starch derivatives (2a, 2b, 2c, and 2d)
A solution of starch derivatives with 1,2,3-triazole (1 mmol of 1,2,3-triazole groups) and iodomethane (0.187 mL, 3 mmol) in DMSO (15 mL) was stirred at 60 • C for 24 h. Afterwards, the remaining iodomethane was evaporated, and the reaction mixture was precipitated into acetone (100 mL). The solid product was filtered, and extensively washed with acetone three times. After being dialyzed against deionized water for 48 h, the 1,2,3-triazoliumfunctionalized starch derivatives were obtained by lyophilization of their aqueous solutions.
2.3.4.1. 6-(4-Hydroxymethyl-3-methyl-1,2,3-triazolium-1-yl)-6-deoxy starch iodine (2a 
Antifungal assay
Antifungal assay was evaluated against C. lagenarium, F. oxysporum, and W. fusarium in vitro by mycelium growth rate test according to the literatures (Guo et al., 2014) . Briefly, stock solutions were firstly prepared by adding 50 mg of starch and starch derivatives to 10 mL of distilled water at room temperature. Then, each sample solution was added to sterile PDA medium to give a final concentration of 0.1, 0.5, and 1.0 mg/mL. The final solutions were poured into sterilized Petri dishes (9 cm). After solidification, a mycelia disk (diameter: 5 mm) of active fungi was transferred to the center of the PDA Petri dishes and inoculated at 27 • C. When the mycelia of fungi reached the edges of the control plate (without the presence of samples), the growth inhibition was calculated by the formula:
where D a (mm) is the diameter of the growth zone in the test plates and D b (mm) is the diameter of the growth zone in the control plate.
Statistical analysis
All the experiments were performed in triplicate and the data were expressed as mean ± the standard deviation (SD, n = 3). Significant difference analysis was determined using Scheffe's multiple range test. A level of P < 0.05 was considered statistically significant.
Results and discussion
Chemical synthesis and characterization
The synthetic strategy for the preparation of 1,2,3-triazoliumfunctionalized starch derivatives is outlined in Scheme 1. There are three hydroxyl groups in anhydroglucose unit (AGU) of starch, a primary hydroxyl at C-6 and two secondary hydroxyls at C-2 and C-3. Thereinto, the primary hydroxyl at C-6 is the highest chemical reactive site because of minimal steric hindrance (Zhang & Edgar, 2014) . Starch therefore can be brominated with regioselectivity at C-6, which should be benefit from the steric bulk of three phenyl rings in alkoxyphosphonium salt intermediate at the primary hydroxyl group, followed by the attacks with bromide anion supplied by the NBS (Zhang & Edgar, 2014) . And the resulting 6-bromo-6-deoxy starch can then serve as a useful intermediate to react with NaN 3 in DMSO to produce 6-azido-6-deoxy starch by S N 2 displacement. Subsequently, the click chemistry could be performed with 6-azido-6-deoxy starch and terminal alkynes with different chain length to synthesize the starch derivatives bearing 1,2,3-triazole. The preparation of 1,2,3-triazolium-functionalized starch derivatives can be accomplished by alkylation of 1,2,3-triazole with iodomethane. The structures of the newly synthesized compounds are elucidated by FTIR, UV-vis, 1 H NMR, 13 C NMR, and elemental analyses.
FTIR analysis
Comparison of FTIR spectra for starch and starch derivatives is given in Fig. 1 . The spectrum of the unmodified starch shows a strong broad band at 3428 cm −1 , which corresponds to the stretching vibration of O H bonds (Song, Guo, Zhang, Zheng, & Zhao, 2013) . The characteristic peaks at 2927 and 1373 cm −1 are respectively attributed to the C H stretching and deformation vibration (Nep, Ngwuluka, Kemas, & Ochekpe, 2016) . In addition, the characteristic peaks at 1200-990 cm −1 are assigned to the stretching vibrations of the C O C stretch in starch (Sukhija, Singh, & Riar, 2016) . For FTIR spectrum of BDST, the new peak at 682 cm −1 is assigned to the C-Br group (Tan, Li, Wang et al., 2016) . The formation of ADST is confirmed by the peak at 2105 cm −1 in FTIR spectrum which is due to the vibration absorption of azide group (Qin et al., 2013) . After the click reaction of ADST with terminal alkynes, the absorbance of azide group at 2105 cm −1 disappears completely and new peaks appear at 1554 cm −1 , which are assigned to the absorbance of C6-1,2,3-triazole rings in the spectra of starch derivatives bearing 1,2,3-triazole. After alkylation of 1,2,3-triazole with iodomethane, the characteristic bands of the resultant 1,2,3-triazolium-functionalized starch at 1581 cm −1 are assigned to the absorbance of C6-1,2,3-triazolium moieties. Fig. 2 shows the UV-vis spectra of starch and starch derivatives at a concentration of 40 g/mL. As far as starch, there are no absorption peaks appeared ranging from 200 to 400 nm because of absence of chromophore. The UV-vis spectra of starch derivatives bearing 1,2,3-triazole indicate broad absorption bands between 200 and 250 nm due to the presence of triazole rings and the maximum absorption values ( max ) are observed at 216-220 nm in water. However, after alkylation with iodomethane, the maximum absorption peaks shift to 225 nm, which may be ascribed to the change in electron configuration of 1,2,3-triazole caused by alkylation with iodomethane (Tejero, Lopez, Lopez-Fabal, Gomez-Garces, & Fernandez-Garcia, 2015) .
UV-vis analysis
1 H NMR analysis
The 1 H NMR spectra of starch and starch derivatives are shown in Fig. 3 for comparison. The 1 H NMR spectrum of starch reveals the protons in the pyranose ring at around 3.00-5.70 ppm ). Compared with the 1 H NMR spectrum of starch, the protons of CH 2 Br are observed at 3.44 ppm in BDST. After azidation of BDST, the absorption peak at 3.77 ppm is attributed to hydrogens of CH 2 N 3 (Tan et al., 2017) . The presence of the absorption bands between 7.60 and 7.75 ppm, which are attributed to hydrogens at 5-H position, demonstrates that the 1,2,3-triazole Scheme 1. Synthetic routes for starch derivatives. groups have been successfully introduced to starch backbone (Sarkar & Rahman, 2017) . Moreover, the additional signals at 3.85-3.94 ppm are assigned to the protons of C6-CH 2 in the pyranose ring of starch derivatives bearing 1,2,3-triazole and the new chemical shifts at 5.12 ppm (in 1a), 4.69 and 2.48 ppm (in 1b), 4.48, 2.39, and 1.61 ppm (in 1c), 4.40, 2.32, and 1.55-1.25 ppm (in 1d) are assigned to the rest of methylenes . After alkylation with iodomethane, the 1 H NMR spectra of 1,2,3-triazolium-functionalized starch derivatives corroborate the alkylation reaction through the disappearance of the peaks corresponding to the protons of the 1,2,3-triazole groups at signature values of 7.60-7.75 ppm and the appearance of new signals for the 1,2,3-triazolium protons at 8.56-8.67 ppm (Mudraboyina et al., 2014) . In addition, completion of the alkylation reaction is also corroborated by the appearance of new signals at 4.27-4.33 ppm for the pendant methyl groups of 1,2,3-triazolium moieties . Besides, all signals of adjacent methylene groups are shifted compared to those initially neighboring the 1,2,3-triazole.
13 C NMR analysis
The formation of the synthesized products is further confirmed by 13 C NMR spectra. As depicted in Fig. 4 , the signals between 60 and 100 ppm are responded to the chemical shift of 13 C NMR of starch . After bromination, new signal at about 34.78 ppm in highly regioselective BDST is related to the carbon of C6-Br (Marks, Fox, & Edgar, 2016) . However, some disturbances of BDST indicate the presence of a low DS of acetate ester groups attached to C-6-OH of starch, which can also be found clearly in the FTIR and 1 H NMR. The reasonable interpretation was that during the S N 2 reaction with starch alkoxyphosphonium salt intermediate, the acetate group was a product of the DMF solvent sometimes acting as a nucleophile instead of bromide (Fox & Edgar, 2011) . Fortunately, these disturbances are absolutely disappeared after proceeding to next step. A new characteristic peak at 51.69 ppm appears compared with the spectrum of starch, which is assigned to the carbon of C6-N 3 (Zhang & Edgar, 2015) . After CuAAC reaction, the 1,2,3-triazole linkers are clearly observed at 144.58-148.01 and 123.32-124.45 ppm as new peaks in the 13 C NMR spectra of starch derivatives (Uliniuc et al., 2013) , and other new signals for the rest of methylenes are appeared below 65 ppm. 13 C NMR spectra of 1,2,3-triazolium-functionalized starch derivatives also corroborate the alkylation since signals corresponding to 1,2,3-triazolium carbons at 142. 74-144.90 and 130.26-130 .99 ppm and the methyl groups at 38.01-38.58 ppm are observed together with the total disappearance of the 1,2,3-triazole carbons (M'Sahel et al., 2016) . In addition, most other carbon signals are gradually shifted downfield after alkylation of the 1,2,3-triazole may be due to the positive global charge density deshielding effect of the cationic macromolecules (Tejero, Lopez, Lopez-Fabal, GomezGarces, & Fernandez-Garcia, 2015) .
Elemental analysis and degree of substitution
The yield, elemental analysis, and degree of substitution (DS) of starch derivatives are shown in Table 1 . The degree of substitution of azido in ADST is 0.85, which means that there are 85% of hydroxyl groups at C-6 being displaced by azido groups. And then about 80 percent of functional groups at C-6 are 1,2,3-triazole groups in the obtained starch derivatives bearing 1,2,3-triazole, which demonstrates the high-efficiency of cuprouscatalyzed azide-alkyne cycloaddition. Finally, effective alkylation between 1,2,3-triazole and iodomethane has occurred, and the 1,2,3-triazolium has probably accounted for more than 60% of 1 H NMR spectra of starch and starch derivatives. functional groups at C-6 in the starch derivatives bearing 1,2,3-triazolium. The relatively high yields and degrees of substitution provide good evidence that this synthetic strategy for the preparation of 1,2,3-triazolium-functionalized starch derivatives is an effective method. Based on the analysis of structural characterization above mentioned, it could demonstrate that 1,2,3-triazolium moieties had been successfully introduced to the starch backbone.
Antifungal activity
The capabilities of starch and starch derivatives at 0.1, 0.5, and 1.0 mg/mL to inhibit the growth of the tested three plantthreatening fungal strains, including C. lagenarium, F. oxysporum, and W. fusarium, are shown in Figs. 5-7 , respectively. Significant differences (P < 0.05) are confirmed for the antifungal property of starch and starch derivatives against the tested three plantthreatening fungal strains.
Among the pathogenic fungi species, C. lagenarium is the most susceptible yeast to the tested compounds. The inhibitory indices of all the samples mount up with increasing concentration (P < 0.05), and the strongest antifungal activity is observed at 1.0 mg/mL. It is found that starch has less antifungal effect with the inhibitory index below 5%. Whereas, starch derivatives bearing 1,2,3-triazole show slightly higher antifungal property than pristine starch (P < 0.05) because of the introduction of 1,2,3-triazole groups. The hydrogen bond interaction formed by 1,2,3-triazole and biomolecular targets plays key role in antifungal activity (Tang et al., 2015) . They could inhibit synthesis of the cell membrane and cell wall to exhibit antimicrobial activity (Croce, Conti, Maake, & Patzke, 2016). Moreover, after one-step alkylation with iodomethane, 1,2,3-triazolium-functionalized starch derivatives immediately exhibit tremendously enhanced antifungal property with the inhibitory indices of over 60% at 1.0 mg/mL (P < 0.05), compared with 1,2,3-triazole-functionalized starch derivatives with the inhibitory indices of below 10% (P < 0.05). Notably, 1,2,3-triazoliumfunctionalized starch derivatives are still active against tested fungi even when the dosage is lowered to 0.5 mg/mL (P < 0.05), which suggests that 1,2,3-triazolium should be the efficient antifungal function group. The powerful disruptive effect of 1,2,3-triazolium-functionalized starch on the microorganism was probably based on electrostatic interaction of positively charged moieties of the cationic molecules and negatively charged components on microbial cell membrane (Hassan, 2015; Jia, Duan, Fang, Wang, & Huang, 2016; Khan, Ullah, & Oh, 2016; Ng et al., 2014) . This electrostatic interaction could facilitate changes of permeation property of the membrane wall to provoke internal osmotic imbalances and also cause hydrolysis of the peptidoglycans in the microbial cell wall to the leakage of intracellular electrolytes and nutrients (Cai et al., 2015; Fan et al., 2015; Tawfik, Zaky, Mohammad, & Attia, 2015) . Besides, the greater effect on microbial of this electrostatic interaction than hydrogen bond interaction could cause the higher inhibitory indices of 1,2,3-triazolium-functionalized starch derivatives compared with starch derivatives bearing 1,2,3-triazole.
Many studies from the past had reported that the length of the alkyl groups was an important determinant of antifungal activity (Chandrika, Shrestha, Ngo, & Garneau-Tsodikova, 2016; Luo et al., 2009) . Therefore, the effect of the length of the alkyl groups in 1,2,3-triazolium-functionalized starch derivatives on antifungal activity is also evaluated in this paper. The results indicate that increasing the length of the alkyl chain on the 1,2,3-triazolium rings results in a decrease in antifungal activity of starch derivatives (P < 0.05) against all the targeted microorganisms and the antifungal activity increases in the order of 2a > 2b > 2c > 2d > 1a ∼ 1d > starch. It was in accordance with the conclusions of Chandrika et al. (2016) , Garudachari, Isloor, Satyanarayana, Fun, and Hegde (2014) ; Yao et al., 2012;  while some studies had shown that an increase in chain length of alkyl substituted groups corresponded with an increase in antifungal activity (Zhao et al., 2016) . The reasonable interpretation was that the longer alkyl groups had the stronger electron-donating ability and tended to donate more electrons to 1,2,3-triazolium moieties accordingly, which inevitably caused the decrease in the positive charge density of 1,2,3-triazolium moieties and eventually led to reducing in antifungal property (Guo et al., 2007) .
Conclusion
In summary, we have proposed a straightforward synthetic route to novel 1,2,3-triazolium-functionalized starch derivatives with alkyl chains of various lengths by associating CuAAC step with efficient alkylation of 1,2,3-triazole with iodomethane. FTIR, UV-vis, 1 H NMR, and 13 C NMR spectra, and elemental analysis confirmed that 1,2,3-triazolium moieties had been successfully introduced to the starch backbone. The antifungal activity against three kinds of plant threatening fungal strains was estimated by observing the percentage inhibition of mycelial growth. The synthesized 1,2,3-triazolium-functionalized starch derivatives clearly showed stronger antifungal activity than starch derivatives bearing 1,2,3-triazole and pristine starch. The obtained findings suggested that 1,2,3-triazolium moieties should be excellent antifungal function groups. Moreover, the length of the alkyl groups was an important determinant of antifungal activity of 1,2,3-triazoliumfunctionalized starch derivatives, and the antifungal property of them against the tested fungi decreased with increasing side-chain length. And the product described in this paper might serve as a new leading structure for further design of antifungal agents.
